Objectives To determine the longitudinal and cross-sectional associations between different types of electronic media use (mobile phones, TV, computers, video games, and music) and young adolescents' depressive symptoms, and to explore the potential for household media rules to reduce young people's depression. Methods 126 young adolescents were recruited from the Northeastern USA. Each type of media use was assessed using survey questions, time use diaries, and ecological momentary assessment. The Beck Depression Index for Primary Care was administered at baseline and 1 year later as part of a questionnaire that also included items assessing the presence of household rules about TV and video games. Results Baseline use of mobile phones and TV viewing were associated with higher levels of depression 1 year later controlling for demographic information and baseline depression score. Having household rules about TV at baseline predicted lower levels of depression at follow-up. Conclusions Both TV viewing and mobile phone use may contribute to the development of depressive symptoms.
Introduction
Depression is the most common mental disorder among children and adolescents and can result in impairments in social skills, diminished cognitive development, reduced academic achievement, and suicide (Brown et al. 2013; Chérif et al. 2012; Guberman and Manassis 2011; Lundy et al. 2010; Ryan 2005) . Adolescents use electronic media for approximately 8 h a day (Rideout et al. 2010) , and this use has been indicated as a contributor to multiple negative health outcomes and behaviors (Brown and Bobkowski 2011) , with some evidence implicating it as a potential risk factor in the development of depression.
In the early days of the Internet, scholars were concerned that online social interactions would not translate into the type of support that buffers stress and reduces risk of mental health problems (Turkle 1996) . Initially, investigations found that time spent online was associated with loneliness, isolation, and depression (Kraut et al. 1998 ), but follow-up work showed that negative effects diminish over time and demonstrated some positive effects on well-being (Kraut et al. 2002) . More recent work has found links between media use and poorer mental health only among people with certain use patterns-very light or very heavy (Bélanger et al. 2011 )-and for certain types of useseeking health information (Bessière et al. 2010 ). Among adults, there is some evidence that using the Internet for communicating with friends and family is protective against depression over time (Bessière et al. 2010) . Overall, the evidence implicating computer use in the development of depressive symptoms among adolescents is inconclusive and based primarily on samples of older adolescents and young adults.
Less is known about the impact of mobile phone use on depression, even though these devices are owned by approximately 78 % of 12-to 17-year-olds (Madden et al. 2013) . Young adults report a belief that mobile phone use has positive effects on depression by promoting personal relationships and increasing access to social support (Thomée et al. 2010) . Theories of social support, however, indicate that communications through mobile phones may not cultivate the strong social bonds that reduce stress and lead to positive psychological outcomes (Cohen et al. 1985) . Such bonds traditionally result from face-to-face interactions that involve rich multi-faceted channels of information that are usually missing from texting and mobile phone calls (Cerulo 1997) . Supporting the concept of mobile phone use as risk rather than protection, high levels of use are associated with more depressive symptoms (Augner and Hacker 2012; Sanchez-Martinez and Otero 2009; Thomée et al. 2011; Yen et al. 2009 ). Because most of our knowledge about the impact of mobile phone use comes from work with young adults, the goal of the current study is to examine these links in a sample of young adolescents.
Although TV, video games, and music have been available for substantially longer than the Internet and mobile phones, there are considerable limitations in our grasp of the role these media play in young people's mental health. In a nationally representative US sample, TV viewing, but not radio or video game play, was linked to increased odds of developing depression (Primack et al. 2009 ). An Australian study, on the other hand, found links between depression/anxiety and video game play, but not other media use (Mathers et al. 2009 ). Work using ecological momentary assessment (EMA) to measure media use found other conflicting results-increased use of audiobased media was associated with major depressive disorder (Primack et al. 2011) . In light of such inconsistent findings, the current study combines longitudinal health outcomes with multiple intensive measures of media use to expand our understanding of how TV, video games, and music use are linked to symptoms of depression.
The development of depressive symptoms is influenced greatly by characteristics of a child's parents as well as features of the parent/child relationship. Children with depressed parents and those whose parents monitor them less are at considerably higher risk for depression than their peers (Bellamy and Hardy 2014; Goodman and Tully 2008) . In the modern developmental environment, experts regularly recommend that parents regulate children's media use (Council on Communications and Media 2013). Restrictive mediation is associated with less use (Rideout et al. 2010 ), but it is unknown whether the practice protects children from depression as does parental involvement in other realms of their life. The most effective restricting practices are currently unknown, with most research examining the presence/absence of household rules or active mediation through co-viewing (Gentile et al. 2012) . Other practices, such as unstated expectations or reactions to problematic behaviors, have not been researched, which may explain the discrepancies between the responses of adults (Gentile et al. 2012 )-who are monitoring for problematic behaviors-and children-who might not be aware of the monitoring. This study examines the associations between parental regulation of children's media use, in terms of explicit rules about and responses to different types of use, and children's symptoms of depression.
Overall, the aim of this study is to investigate the associations between different types of media use (both receptive and interactive) and symptoms of depression (both cross-sectionally and longitudinally) in a sample of young adolescents. Using multiple measures of media use, including real-time EMA questionnaires, survey reports, and time use diaries, we increase the likelihood that we accurately represent participants' experience using media. Finally, we test the possibility that parental monitoring of media use can reduce the development of depression in children.
Method
The data for this study come from the Measuring Youth Media Exposure (MYME) project, which includes a baseline assessment of media use and depression and a followup 1 year later. MYME assesses media use through surveys, 24-h time use diaries (TUD), and EMA. Media use estimates from MYME are generally consistent, reliable, and valid (Bickham et al. 2011; Blood et al. 2014 ).
Procedure
Participants in grades 7 through 9 (12-15 year olds) who spoke English were recruited from public schools, afterschool programs, and summer camps in a small city in the northeastern USA. Consented youth completed an enrollment session where they provided assent, completed a media use and health survey, and received training on the TUD and EMA procedures. EMA measures were collected during the week following enrollment and then, to provide additional data and comparison points to help evaluate the reliability of this approach (Blood et al. 2014) , for an additional week after a hiatus of at least a week. Participants were sampled and completed baseline measures during 2009 and a follow-up health survey approximately 1 year from their enrollment date. Research procedures were approved by the Committee on Clinical Investigation at Boston Children's Hospital.
Media use survey questions
A common method of assessing media use is to ask young respondents to estimate the amount of time they spend using media (Gordon-Larsen et al. 1999; Rideout et al. 2010) . Following this strategy, participants were asked to report the typical amount of time (within 15 min) on school days and weekends that they used electronic media including television (TV), video games, computers, mobile phones, and music. To calculate the average amount of daily use of each technology, we multiplied the school day estimate by 5 and the weekend estimate by 2, summed the products, and divided the result by 7 (Vereecken et al. 2006 ).
Time use diaries
TUDs have been used in a number of large studies to measure young people's media use, and the current study's instruments were designed to be similar to those that others have employed (Bickham and Rich 2006; Rideout et al. 2010) . Participants completed TUDs for a randomly assigned weekday and for the Saturday of the week following their enrollment. These diaries contained a grid of 15-min intervals from the previous 24 h. For each interval, participants reported their activities in free text and indicated via check box whether they had used TV, video games, computers, mobile phones, and music. The number of rows with checked boxes was calculated for each type of medium and multiplied by 15 to calculate use duration for that TUD day. Average daily use was then calculated as described above.
Ecological momentary assessment
EMA measures common behaviors in real time by signaling participants throughout the day to complete a series of questions that capture activities, emotions, and context (Shiffman 2000; Shrier et al. 2007 ). This measure virtually eliminates recall bias, thereby overcoming limitations of other media use measures (Vandewater and Lee 2009) . In this study, participants carried a handheld computer running CERTAS software (PICS, Inc., Reston, VA) that delivered four to seven signals a day (with up to two reminders per signal) at random times during waking, outof-school hours. In response, participants completed a questionnaire asking about the activities that were receiving their primary, secondary, and tertiary attention, with media options including TV, video games, computers, mobile phones, or music. Mobile phone use could be categorized as texting, talking, sending/receiving photos, or playing games. As in many other studies with adolescents, in which the response rate ranges from 52 to 80 % (Shrier et al. 2007; Whalen et al. 2001) , participants responded to 66 % of the signals. Participants' media use assessed through the EMA questionnaires was calculated by summing the number of moments each participant reported using media (Primack et al. 2011 ).
Depression
Participants' depression was assessed using six items from the Beck Depression Inventory for Primary Care (Beck et al. 1997) . This brief, self-administered scale assesses sadness, loss of pleasure, pessimism, past failure, selfdislike, and self-criticalness. By request of the community advisory board of this study, we did not include the item asking about suicidality. Scores on this scale are correlated with other, longer self-report measures and is able to distinguish between patients with and without major depressive disorders (Beck et al. 1997) . This scale had a high level of internal consistency, with alphas of 0.84 and 0.82 for the baseline and follow-up assessments, respectively.
Media rules and regulations
To assess the presence of rules about technology use in participants' homes, we asked six questions about restrictions placed by parents: three for TV and three for video games. Participants were asked yes/no questions to assess whether they have rules in their homes about what, how long, and when they can watch TV and play video games [e.g., There are some shows (video games) that I am NOT allowed to watch (play). There is a time limit for how long I can watch (play)]. The questions were modeled after those used in other studies (Rideout et al. 2010) , and evidence indicates that asking children to report on rules is a valid approach (Gentile et al. 2012) .
To capture the other types of media regulation, we asked questions that we devised about parents' reactions to specific TV viewing or video game playing patterns. These 6 yes/no questions (3 each for TV and video games) asked participants whether their parents would tell them to shut off the TV or video games in specific situations [e.g., Would your parents tell you to turn off the TV (video game) if… you were watching (playing) for a long time? …you were watching (playing) something they didn't want you to see (play)?]. Scores on all scales about media regulations could range from 0 to 3, with each ''yes'' response contributing 1 point to the summed score.
Covariates
Parental education, child race, and sex were included as covariates in all analyses. Participant reported maternal education ranging from no high school (0) to finished graduate school (6) was used when available; otherwise, paternal education was used. Additionally, participants reported their sex (male or female) and their race/ethnicity, which were dichotomized to non-white (i.e., AfricanAmerican, Hispanic/Latino/Latina, Asian, multi-race, other) or white. To determine whether parental rules and regulations about media was a protective factor for depression even in the presence of other parental involvement, a measure of parental monitoring was included as a covariate to the relevant analyses. Parental monitoring was measured with a six-item scale that assesses the regularity with which children talk to their parents about where they are and who they are with (Li et al. 2000) .
Analysis plan
Individual linear regressions were used to examine the associations between each type of media use (TV, music, video games, computer, and mobile phones) at baseline and depression measured at baseline and at the 1-year followup while adjusting for gender, white/non-white race, and parental education. Results are presented for the longitudinal analyses that both included and did not include the baseline measure of depression as a control variable. A regression testing the relationships between media use rules and regulations and depression included the four regulation scale scores, the covariates named above, and parental monitoring score.
Results

Sample
Different sample sizes were used depending upon the type of media use measurement (recall survey, TUD, or EMA) and time frame (baseline and follow-up). 126 participants completed the baseline questionnaire that included the recall media use questions and depression scale (see Table 1 for descriptive statistics). 125 of these participants (99.2 %) completed the EMA procedure and on average responded to 43.48 signals over the course of the two measurement weeks. 104 youths completed the two TUDs at baseline (82.5 %). The TUD sample contained a lower percentage of non-white participants (41.3 %) than the group who did not complete the TUD (63.6 %), although this difference only reached the level of a statistical trend (X 2 = 3.62, p = 0.06). 103 (81.7 %) participants completed the 1-year follow-up measure of depression. Participants who dropped out were older than those who completed both assessments (14.41 vs. 13.96, F(1,124) = 6.49, p \ 0.05). 92 participants (73.0 %) completed both the baseline TUD assessment and the 1-year follow-up depression measure. Table 2 reports the average daily amount of media use reported by the participants on the recall questionnaire and the TUD. The number of EMA moments in which each type of media use was reported is also presented.
Media use
Concurrent depression and media use
Results showed a significant, positive association between mobile phone (measured on the TUD) and depression (see Table 3 for all regression results). There is also some limited evidence that participants' depression scores were related to more time spent listening to music as reported on the questionnaire. This result, however, only reached the level of a trend.
Baseline media use and follow-up depression
The longitudinal analyses found that the more TV use reported at baseline, the higher participants' depression score was at the 1-year follow-up. While the findings for all TV use measures were in the same direction, only TV use measured by the EMA reached significance.
The more mobile phone use reported at baseline, the higher participants' depression scores were at the 1-year follow-up. When use was measured using the EMA, this relationship was significant while controlling for baseline depression. The recall estimate of mobile phone use approached significance in this model. The TUD measure of mobile phone use was significantly associated with the follow-up depression score (b = 0.243, p = 0.02), but this association was attenuated and no longer reached significance when the baseline measure of depression was included in the model.
Mobile phone use details
Participants' responses to EMA questions about their mobile phone use verify that they were using the devices to make phone calls and send/receive text messages. The majority of mobile phone use was described as texting (72.5 %) or talking (20.8 %). Other mobile phone activities, such as sending/receiving photos (1.9 %) and playing games (0.8 %), were reported less often.
Rules about media use and depression
There is some evidence that having rules in the home about television viewing and video game play is associated with lower levels of depression at the subsequent measurement point. The more rules about TV viewing that a participant reported at baseline, the lower their depression score was at the 1-year follow-up. Similarly, participants whose parents respond to different types of video game play with restrictive behaviors, the lower their depression at follow-up. Associations were observed between rules about video game play and higher levels of subsequent depression, but they did not reach the level of statistical significance.
Discussion
Using multiple methods of assessing media use, we found that mobile phone use and TV viewing were associated with depressive symptoms, while computer use, music listening, and video game play were unrelated. These findings are consistent with other longitudinal studies that found adolescent TV viewing to predict depression later in life (Primack et al. 2009 ). Similarly, the mobile phone results correspond with evidence that heavy mobile phone users are more likely to suffer from depression (Augner and Hacker 2012; Sanchez-Martinez and Otero 2009; Thomée et al. 2011; Yen et al. 2009 ). Considering that longitudinal relationships between TV viewing, mobile phone use, and depression were evident in models controlling for baseline level of depression, this study adds to existing evidence that these activities contribute to development of depressive symptoms.
The stress of constant connectedness afforded by mobile phones has been identified by young adults as a potential mechanism linking their use to depression (Thomée et al. 2010) . A review of the limited research in this area reported findings indicating that the ever-present need to ''monitor and respond to text messages and alerts'' (Sansone and Sansone 2013) can increase personal stress. In the realm of cyberbullying, experts often point to the constant connectivity of mobile phones as a contributor to the intensity of this type of harassment (Law et al. 2012; Ybarra et al. 2007) . Being able to disconnect from their peer network, therefore, may provide adolescents with an important refuge and has the potential to reduce stress and diminish the association between mobile phone use and depression. Intervention work that provides young people with the skills to disconnect from their peer network to reduce stress could provide the conclusive evidence necessary to understand how mobile phones contribute to depression.
Nevertheless, the connectivity to a social network afforded by cell phones is seen by young people as being helpful for managing depression (Thomée et al. 2010 ). Our observed cross-sectional association between mobile phone use and depression could indicate that participants were activating their social network to cope with negative emotions. However, the findings linking baseline mobile phone use to later symptoms of depression seem to indicate that this strategy is not successful. The type of connection needed to protect against depression may not be easily provided through texting (the most popular mobile phone behavior in our sample), as illustrated in work indicating that texting is often used to connect with less-close communication partners (Kim et al. 2007 ) and that relationships with more texting are perceived as less fulfilling than other relationships (Angster et al. 2010) . Overall, young people may try to cope with negative feelings by reaching out with a tool they see as useful for maintaining social connectivity but that fails to provide the type of social bonds necessary to protect against the further development of depressive symptoms. While this hypothesis is based on findings from our and others' work, additional research will be required to tests it directly. Our results for TV viewing are consistent with other findings that indicate a longitudinal association between TV viewing and depressive symptoms (Primack et al. 2009 ). This link could be explained by exposure to TV content-images from programs and advertising negatively affecting body perceptions-or TV viewing displacing more protective activities (Primack et al. 2009 ). There is, however, little evidence that TV viewing displaces activities that are protective against depression, such as time with family and friends (Bickham and Rich 2006; Vandewater et al. 2006) . Advertising research does indicate that the representation of attractive people leading exciting and (Richins 1991) . The lack of a direct test of how different types of televised content impacts depression presents an opportunity for researchers. Because violent or anxiety-producing content may contribute to depression while humor may help reduce it (Primack et al. 2009 ), we must examine the differential effects of different types of content before we can make targeted recommendations. The pattern of findings across the different measurement types illuminates some of the strengths of more intensive assessments. In both mobile phone use and TV viewing, the longitudinal associations between use and depression were only apparent in the EMA assessments. Considering that EMA eliminates recall and introduces less error than other measures, it is more capable of detecting an association. Furthermore, EMA captures a level of engagement with media in the moment that summary questions and TUDs miss. This engagement may be more predictive of depressive symptoms, as it could represent a higher level of attention to TV content or a higher reliance on mobile phones. While another study that employed EMA to examine links between media use and depression revealed few associations (Primack et al. 2011) , the work was crosssectional and investigated severe depression. Additional research using EMA is necessary to identify which aspects of media use predict later depression.
Our findings provide some preliminary evidence that when parents have rules about TV, their children become less depressed, even when accounting for other elements of parental monitoring. Having rules regarding TV could be a behavior indicative of the parental involvement known to be protective against children's depression (Hamza and Willoughby 2011) . The findings also indicate that explicit rules could be more protective against depression than a strategy of reacting to certain types of media use. These conclusions, however, must come with considerable caveats. Aspects of parents' rules about TV that our data do not measure, including the regularity and style of enforcement, are likely to alter their protective qualities. Additionally, the results across the different media types pose more questions than they answer. Rules about video games and reactions toward video games, for example, were associated (at the level of a trend) with higher levels of depression. Research that investigates how rule type and enforcement alter the effect of parental media regulation on psychosocial outcomes will further illuminate the processes at play.
One noteworthy limitation of this study is its small and homogeneous sample. The limited statistical power afforded by the sample may have made it more difficult to detect associations between depression and media use when measured by techniques like TUD and survey questions, which are more susceptible to bias and recall error. It is worth noting, however, that the associations between depression and the survey and TUD measures of TV and mobile phone use are in the same direction as the associations with the EMA measures. Furthermore, the geographic homogeneity of the sample makes it difficult to generalize the findings to other populations. However, the sample was diverse in terms of the inclusion of youth from minority populations and those with lower levels of parental education. Two other limitations are also worth noting: First, the questions regarding parental rules and reactions to media use, while based on existing questions, were developed for this study. As such, they have not been systematically validated. Measurement limitations may account for the unusual pattern of results linking these items to depression. Second, there are influences on both depression and media use that this study did not measure and that could explain our findings. Parental depression would be especially important to include in future studies of adolescents, as it has been shown to be linked to younger children's TV viewing (Burdette et al. 2003) .
This study provides new evidence that mobile phone use is associated with the development of depressive symptoms and supports an established link between TV viewing and depression. Additionally, our findings provide some preliminary evidence that having rules about TV use in the home may serve as a protective factor against depression for adolescents. The use of certain types of electronic media seem to be a risk factor for the development of symptoms of depression, but family-based interventions that build parental skills concerning media may be especially effective at reducing these effects and improving the mental health of young people.
